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ON THE SPATIAL STRUCTURE OF THE SOLLR CORONA 

( 0 prostranstvennom s t r o y e n i i  solnechnoy korony ) 

PART I 

A s tr o nomich e s  k i y  Z hurna l  
Tom 39,  No.3, .!~lS--b27, 
Izd-vo A .  N. SSSR, 1962 

by E. R. Mustel' 

This  paper  d e a l s  with some genera l  problems r e l a t e d  t o  

t h e  s tudy  of t h e  s p a t i a l  s t r u c t u r e  of t h e  s o l a r  corona. P a r t i c u l a r  

emphasis i s  given t o  t h e  problems one way o r  another  connected 

wi th  t h e  corpuscular  streams. 

The f i r s t  s e c t i o n  dea l s  with t h e  r e l a t i o n s h i p s  between 

qu ie scen t  prominences - f i l amen t s  and coronal  s t reamers .  

Sec t ion  two i s  devoted t o  d iscuss ions  of t h e  l a w  governing 

t h e  s t r u c t u r e  of t h e  s o l a r  corona. S p e c i a l  cons ide ra t ion  i s  given 

h e r  e t o  t h e  "intermediate-typel '  corona, cha rac t e r i zed  by a decrea- 

sed b r i g h t n e s s  i n  t h e  low l a t i t u d e  b e l t ,  and an  increased  b r igh t -  

nes s  i n  t h e  mid- la t i tude  b e l t s .  The former i n c l u d e  those  of a c t i v e  

reg ions ,  and t h e  l a t t e r  - t h e  s t reamers '  b e l t .  Two hypotheses a r e  

considered f o r  t h e  explanat ion of t h e  low l a t i t u d e  b e l t .  I n  t h e  
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f i r s t  hypothes is  t h e s e  p r o p e r t i e s  a r e  determined by such l a rpe - sca l e  

solar c h a r a c t e r i s t i c s  as t h e  peneral  magnetic f i e l d  of t h e  Sun, i t s  

r o t a t i o n ,  etc.  I n  t h e  second hypothesis  t h e  above p r o p e r t i e s  are 

determined by t h e  f a c t  t h a t  a c t i v e  rep ions  d e f l e c t  t h e  corspuscules  

o r i g i n a t i n g  through t h e  continuous e j ec t ion  of s o l a r  gases  from t h e  

Sun (solar wind), t hus  c r e a t i n g  above them empty c a v i t i e s .  It i s  shoim 

t h a t  t h e  l a t t e r  hypothes is  meets w i th  s e r i o u s  d i f f i c u l t i e s .  

I n  t h e  t h i r d  sec t ion ,  t h e  main geometrical  n ro -e r t i e s  of t h e  

s t reamers  a re  discussed.  Spec ia l  a t t e n t i o n  i s  give11 streamers' extension. 

Piany arguments a r e  given which a t t e s t  t o  t h e  f a c t  t h a t  t h e i r  l e n g t h  

i s  of t h e  order  of 30 t o  50 s o l a r  r a d i i  (30- 50 

t h e y  extend t o  t h e  t e r r e s t r i a l  o r b i t ,  t hey  do so  i n  a very a t t enua ted  

form. I n  no case  can t h e  streainers by t h e  source  of M-disturbances. 

). Assuming t h a t  Q 

The d i scuss ion  of t h e  Waldemeier paper [26 ]  upholds t h e  f a c t  

t h a t  i t s  conclusions encounter s e r ious  d i f f i c u l t i e s .  

The next  p a r t  o f  t h i s  work (Astronomicheskiy Zhurnal, No. 4, 
1962) will cons ider  t he  coronal  rays above t h e  a c t i v e  r e r ions ,  and 

t h e  r e s u l t s  of o p t i c a l  ( e c l i p s e )  

agreement with rad ioas t ronomica l  

observat ions wi1.l  be brought i n t o  

and p o l a r i m e t r i c  da ta .  

1. Up t o  t h e  p re sen t  t ime our knowledge of t h e  s t r u c t u r e  of 

t h e  s o l a r  corona was mainly based upon t h e  s tudy  of photographs 
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obta ined  dur inp  s o l a r  ec l ip ses .  However, t h e  p o s s i b i l i t i e s  of such a 

method a r e  very l imi t ed ,  mainly because du r ing  t h e  t o t a l  phase of t h e  

e c l i p s e  we a r e  i n  t h e  p o s i t i o n  t o  r e g i s t e r  on ly  a c e r t a i n  aggrega te  

r e s u l t  of t h e  p r o j e c t i n g  of t h e  whole solar corona ( a s  a t r a n s p a r e n t  

formation)  on t h e  p i c t o r i a l  plane.  Besides, it i s  q u i t e  c l e a r ,  t h a t  

even such a r b i t r a r y  hypotheses as t h a t  of corona ' s  s p h e r i c a l  symmetry 

and o t h e r s  a r e  very remote from t h e  rea l i ty .  I n  o the r  words, one can- 

not  o b t a i n  even a rough idea  about t h e  s p a t i a l  con f ipu ra t ion  of t h e  

s o l a r  corona by mere s t u d i e s  o f  photographs of s tandard  q u a l i t y  

dur ing  e c l i p s e s ,  This a s s e r t i o n  was upheld as a r e s u l t  of t h e  l a s t  

rad ioas t ronomica l  and p o l a r i m e t r i c  i n v e s t i g a t i o n s  having e s t ab l i shed  

t h a t  t h e  corona i s  denser  over  a c t i v e  r eg ions  than  above any o the r  

s p o t s  i n  t h e  Sun. A t  t h e  same t ime en t ; r e ly  oppos i te  c o x l u s i o n s  have 

been reached on t h e  b a s i s  of o p t i c a l  e c l i p s e  observat ions.  

t aken  

Consequently, it i s  extremely important  t o  compose a c e r t a i n  

gene ra l  p i c t u r e  of t h e  s p a t i a l  s t r u d r e  of t h e  s o l a r  corona us ing  t h e  

newest methods a v a i l a b l e  and t h e  l a t e s t s  r e s u l t s  s o  c,btained, and t o  

coord ina te  o p t i c a l  e c l i p s e  observat ions with r a d  ioastronomical ,  polarime- 

t r i c  and o t h e r  data .  Our a t t e n t i o n  will t hen  be drawn t o  ques t ions  

r e l a t e d  with t h e  problems of corpuscular  streams. 

One of t h e  most c h a r a c t e r i s t i c  p r o p e r t i e s  of t h e  s o l a r  corona 

observed during e d i p s e s ,  i s  i t s  rays.  Three fundamental forms of 

co rona l  rays may b e  ou t l ined  ( see  r e f .  [l] , p.93): shor t ,  bent  rays 
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above t h e  undis turbed p a r t  of Sun 's  sur face ,  more p a r t i c u l a r l y  i n  p o l a r  

reg ions ;  b )  rpys above t h e  a c t i v e  regions;  c )  t h e  so-cal led "helmetst1, 

ending e i t h e r  i n  a s i n g l e  long ray, o r  as  a f a n  of d iverg ing  j e t s .  

Quiescent  prominences a r e  u s u a l l y  s i t u a t e d  a t  t h e  base  of helmets,  as 

i s  observed i n  photographs of e c l i p s e s .  For b rev i ty ,  we s h a l l  des igna te  

t h e  helmets t oge the r  w i t h  t h e i r  endings, e i t h e r  i n  the  form of rays o r  

of a s i n g l e  ray, as P -  rays, bear ing  i n  mind t h e  connection between 

t h e  considered phenomena and t h e  prominences. S imi la r ly ,  we s h a l l  designa- 

t h e  r ays  above t h e  a c t i v e  r ep ions  as AR- r ays .  

Because P-ram a r e  t h e  most prominent formations i n  %he s o l a r  

corona, a s  it anpears from t h e  l a t t e r ' s  photopraphs, and a l s o  on account 

of t h e i r  l i n k  wi th  t h e  prominences, 

r a l  shape of t h e  corona and i t s  v a r i a t i o n  with t h e  s o l a r  cyc le  Dhase, 

depend on s o l a r  ac t iv i ty  by prominences, and narriely on l a t i t u d e  a t  which 

they  a r e  found ( s e e  r e f .  E l l ,  p.6). But i n  rea l i ty ,  t h i s  i s  more complex: 

A s e r i e s  of f a c t o r s  speak i n  f avor  of the  i d e a  t h a t  corona i s  of primary 

importance i n  t h e  piven problem, and namely i t s  magnetic f i ? l d s ,  whi le  

prominences a r e  of secondary importance. This i s  f o r  i n s t a n c e  relat;.d t o  

fac t ,  t h a t  a new f i lament ,  of i d e n t i c a l  shape, appears  q u i t e  o f t e n  a f t e r  

a f i l a m e n t  has  been destroyed by a new a c t i v e  r e g i o n  o r  by a chromospheric 

f l a r e .  This  f i l amen t  appears  a t  t h e  p lace  of t h e  former, sometimes very 

qu ick ly  ( s e e  r e f .  [2) pp. 210, 230, 2 3 9 ) .  Furthermore, t h e  process  of 

d i sappearance  and of " r ev iva l "  a t  t h e  same s p o t  i s  observed s e v e r a l  t imes.  

A l l  t h i s  impl ies  t h e  ex i s t ence  of some s o r t  of s t a b l e  mapnetic s t r u c t u r e  

i i  t ' l e  helmet reg ion .  Fesides ,  l a t e l y  it became obviocs, t h a t  t h e  most 

i t  i s  o f t e n  considered t h a t  t h e  gene- 
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qu iescen t  prominences a r e  formed by way of condensation of coronal  

gases  and no t  as a r e s u l t  of gas outflow from t h e  chromosphere ( s e e  

f o r  + a m p l e  [2I , p. 245).  

f i l amen t s )  a r e  only i n d i c a t o r s ,  p o i n t i F  

helmet i n  t h e  yiven rep;ion of t h e  Sun. A t  t h e  same time, it fo l lows  

from t h e  above cons idera t ions ,  t h a t  t h e  very  ex i s t ence  of t h e  helriet  

does no t  n e c e s s a r i l y  imply t h e  presence w i t h i n  it of a quiescent  pro- 

minence, and t h a t  t h e  quiesecnt  prorrlinence cannot occur  without t h e  

presence a t  t h e  Fiven s p o t  o f  coronal  gases from which it condenses. 

I n  o the r  words, t h e r e  i s  basis t o  consider  t h a t  whenever w e  observe a 

qu ie scen t  prominence, it must be  confined i n s i d e  thP helmet. These 

conclusions f o l l o w  i n  p a r t i c u l a r  from e c l i p s e  observqt ions which show 

t h a t  a t  t imes a somewhat powerful prominence-filament i s  absent  a t  t h e  

base  of t h e  helmet. i'hat i s  >jhy t h e  above cons ide ra t ion  must be borne 

i n  mind dur ing  t h e  morpholopical ana lys i s  of t h e  gener2l  s p a t i a l  charac- 

t e r i s t i c s  of s o l a r  corona. 

Thus t h e  most  qu iescent  prominences (and 

t a  t h e  presence of a coronal  

The d i s c u s s i o n  7 f  t h e  l a t t e r  w i l l  b e  broken i n  a s e r i e s  of p a r t s .  

We s h a l l  examine a t  t h e  o u t s e t  c e r t a i n  gene ra l  aues t ions ,  a f t e r  which 

we s h a l l  d i scuss  t h e  r a d i a l  s t r u c t u r e  of t h e  corona. To conclude, w e  

w i l l  ana lyze  t h e  ques t ion  of coordinat ion o f  o p t i c a l  e c l i p s e  observa- 

t i o n s  wi th  t h e  radiosatronolr, ical .  p o l a r i m e t r i c  and o the r s .  

2. b'e s h a l l  d i scuss  i n  t h i s  p a r t  c e r t a i n  genera l  laws governing 

t h e  s t r u c t u r e  of t h e  s o l a r  corona. sterrminp from the> examination of Dhotos. 
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Ye s h a l l  bepin  wi th  t h e  "intermediate-tvpe" coron? ( s e e  t h e  we l l  known 

drawinps by A. Ganskiy and V. Loklyer on paye 150 of r e f e r e n c e  

Althouph o u i t e  schematic, t hese  d rax inm Doint t o  t h e  f a c t  t h a t  thP 

corona appears  i n  t h e  e c l i p s e  photographs as being s i p n i f i c a n t l y  l e s s  

i n t e n s e  and s t r e t c h e d  i n  t h e  near -equator ia l  o r  near-polar  rep ions  

than  i n  t h e  "rnid-lati tudefl  repions of t h e  Sun, where P-rays p l a y  t h e  

main p a r t .  

1 ) . 

Two d i f f e r e n t  hypotheses may be proposed f o r  t h e  e m l a n a t i o n  of 

t h e s e  p r o p e r t i e s  of t h e  "intermediate-type1l corcma : 

a ) I n  t h e  f i r s t  hypothesis  it is es t imated  t h a t  t h e  presence of 

r e l a t i v e l y  i n t e n s e  mid- la t i tude  regions wi th  P-rays, and a l s o  t h a t  of 

s u b s t a n t i a l l y  less developed near -eaua tor ia l  and near-polar rep ions  of 

t h e  in t e rmed ia t e  corona, r e f l e c t s  such t l l a rge-sca le ' l  c h a r a c t e r i s t i c s  of 

t h e  Sun as a r e  i t s  t o t a l  mapnetic f i e l d  and t h e  d i s t r i b u t i o n  of t h e  

l a t t e r  about  i t s  s u r f a c e  ( f o r  a piven s o l a r  cyc le  phase) ,  and t h e  laws 

poverninp t h e  r o t a t i o n  of' t h e  .Sun e t c .  

rep ions  of t h e  Sun is  considered as secondam i n  t h i s  hypothesis .  

' d i t h in  t h e  framework of t h e  considered hypothesis ,  t h e  mean d e n s i t y  of 

t h e  corona i n  t h e  nea r -eaua to r i a l  b e l t  (between a c t i v e  reFions)  i s  l e s s e r  

t han  t h a t  i n  t h e  b e l t  of P-rays '  d i spos i t i on .  This  r e w l t s  i n  t h e  decrea-  

sed b r i p h t n e s s  of t h e  corona i n  t h e  near -equator ia l  b e l t .  (speaking of 

t h e  near -eouator ia l  b e l t ,  we have i n  mind t h e  whole l a t i t u d e  rppion  

bordered a t  bo th  s i d e s  of t h e  equator by t h e  lower bases  of P-rays).  

I n  t h a t  case,  t h e  a c t i v e  rep ions  c a m o t  change t h e  considered b r i p h t n e s s  

c o r r e l a t i o n s  ( see  p a r t  6 of t h i s  pal e s )  . 

The p a r t  played by t h e  a c t i v e  



b) From t h e  pclint of view of t h e  second hypothesis  L33, [4] , 
t h e  decreased b r i eh tness  of t h e  corona i n  t h e  nea r -eaua to r i a l  r e g i o n  

i s  explained as follows. It i s  assumed t h a t  i n  a l l  t h o s e  s p o t s  of t h e  

corona, where a c t i v e  rep ions  a r e  absent,  t h e r e  t akes  p l a c e  a continuous 

gas outf low from t h e  Sun with a power p r a c t i c a l l y  independent from t h e  

s p o t ' s  l a t i t u d e .  As t o  t h e  a c t i v e  regions,  t h e i r  p a r t  c o n s i s t s  i n  t h a t  

each of them d e f l e c t s  l a t e r a l l y  t h e  corpuscules of t h e  above-indicated 

outf low of coronal  gases  from t h e  Sun, " s o l a r  windf1 - c rpa t ing  above 

i t s e l f  a c e r t a i n  r e l a t i v e l y  empty cavity i n  t h e  fcrm of a cone, desipna-  

t e d  as "cone of evasion". This r e l a t i v e  "emptinessf1 i s  precisel . .  t h e  

cause of lowered b r igh tness  of t h e  corona i n  t h e  near -equator ia l  be1 t 

each t i m e  t h e r e  i s  one or  s e v e r a l  a c t i v e  reg ions  near  t h e  l i ; ,b of t h e  

Sun. ( s e e  t h e  r e s n e c t i v e  f i p u r e s  5 and 6 of r e f .  [4] ). Therefore,  from 

t h e  s t andpo in t  of t h e  piven h-rpothesis, t h e  dens i ty  of t h e  corona i n  t h e  

near -equator ia l  b e l t  (between t h e  a c t i v e  re,gion and ou t s ide  of t h e  sphe re  

of a c t i o n  of Ifevasion cones") and i n  t h e  P-ray b e l t  must bc -x--?ct ical ly  t h e  

same. 

I 

The p r e s e n t  au thor  es t imates  t h a t  t h e  f i rs t  h m o t h e s i s  i s  c o r r e c t  

and more n a t u r a l ,  and t h a t  t h e  second one must be  r e j e c t e d  acc r rd ing  t o  

a series of cons idera t ions .  I n  t h e  fol lowing we s h a l l  enumerate t h e  

r e s p e c t i v e  areuments. 

a )  The second hypothesis  - t h a t  of t h e  If evasion cone" - agDeared 

i n  connect ion with t h e  n e c e s s i t v  of i n t e r p r e t i n u  c e r t a i n  r e s u l t s  of t h e  
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s t a t i s t i c a l  a n a l y s i s  of r e c u r r e n t  type-M geomapnetic d i s tu rbances  

( s e e  [ 3 ] ,  [4] ). However, a n a l y s i s  of the  main aues t ion ,  t h a t  of l o n e i -  

d i s t r i b u t i o n  of a c t i v e  r eg ion  on t h e  Sun, was omit ted a t  t h e  ou t se t .  

A t  t h e  same t i m e  i f  we e l imina te  t h e  e f f e c t  of t h e  given factor ,  it 

- i ud i ' 7  ri 1 

will t hen  ensue 

(see [SI , where a d d i t i o n a l  d i f f i c u l t i e s  of t h e  considered hypothes is  

a r e  d i scussed ) .  

t h a t  s ta t is t ics  con t r ad ic t  t h e  "evasion cone" hypothes is  

b )  L e t  us admit f o r  a mor;lent, t h a t  a c t i v e  reg ions  indeed"disrupt"  

t h e  normal s t a t e  of a more o r  l e s s  "uniform" s o l a r  corona. We would then  

have t o  expect t h a t  i n  t h e  yea r s  of solar a c t i v i t y  maximum, when t h e  

n m b e r  of a c t i v e  rep ions  and t h e i r  power reach a m a x i m u m ,  t h e  corona 

should b e  p a r t i c u l a r l y  weak i n  t h e  near -equator ia l  b e l t ,  i n  which 

a l s o  inc lude ,  a s  po in ted  ou t  e a r l i e r ,  t h e  a c t i v e  r e p i o n s t  zone. A t  t h e  

we 

same time we a r e  aware of t h e  f a c t  t h a t  t h e  oppos i t e  t a k e s  p l a c e  i n  

rea l i ty .  It i s  we l l  known t h i t  t h e  rTmaximum'l corona i s  indeed chs rac t e r -  

i z e d  by a r e l a t i v e  s p h e r i c a l  symmetry: b r iph tness  of t h e  corona and 

t h e  presence  i n  it of rac i ia l  s7-stems - a l l  t h i s  i s  n e a r l y  independent 

from t h e  he l iographic  l a t i t u d e .  

c )  A s  t o  t h e  ques t ion  t h a t  t h e  gene ra l  shape of t h e  corona 

i s  i n  no way r egu la t ed  by a c t i v e  reg ions  but  by s p e c i f i c  macroscopic 

c h a r a c t e r i s t i c s  of Sun ( see  above), it i s  corroborated by t h e  f a c t  

t h a t  t h e  p o l a r  corona has  q u i t e  s p e c i f i c  c h a r a c t e r i s t i c s ,  and it d i f f e r s  

from both,  t h e  corona of t h e  near -equator ia l  b e l t  and t h a t  of t h e  P-ray 

b e l t .  
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d )  It i s  e s s e n t i a l  t h a t  t h e  decreased b r i p h t n e s s  of in te rmedia te  

co rona r s  near -equator ia l  b e l t  t akes  p l ace  e n t i r e l y  indeDendently from 

t h e  presence of a c t i v e  rep ions  on o r  near t h e  limb! For  t h i s  p o i n t s  d i -  

r e c t l y  t o  t h e  f a c t  t h a t  active r eg ions  do not  p l a y  any s i g n f f i c a n t  p a r t  

i n  t h a t  problem. It must a l s o  be added t h a t  t h e  decreased b r iph tness  i n  

t h e  l l intermediate-typell  corona t akes  a l s o  p l a c e  f o r  t h e  e q u a t o r i a l  b e l t  

i t s e l f  ( t o  +so from t h e  equ'ator). A t  t he  same time, a c t i v e  r eg ions  a r e  

observed a t  t h e  equator  r e l a t i v e l y  s u i t  e seldom. 

e )  F ina l ly ,  it must be borne i n  mind , and t h i s  may appa ren t ly  

be t h e  s t r o n g e s t  argument, t h a t  con t r a ry  t o  t h e  "evasion cone" hypothesis ,  

s o l a r  corona i s  most dense p r e c i s e l y  above t h e  a c t i v e  r eg ions  by compari- 

son wi th  o ther  r a d i a l  s t r u c t u r e s  ( s e e  p a r t  li of t h e  p re sen t  Isaner). 

Thus, a l l  t h e  enumerated areuments s t and  aga ins t  t h e  second hy- 

po thes i s  and unhold t h e  f i r s t  one. I n  o ther  words, t h e r e  i s  b a s i s  t o  

cons ider  t h a t  t h e  genera l  form o f t h e  corona i s  indeed determinpd by 

c e r t a i n  m c r o s c o p i c  c h a r a c t e r i s t i c s  of t h e  Sun, such as i t s  t o t a l  m a p e -  

t i c  f i e l d  (condi t ions  f o r  coronal  s t r u c t u r e  s t a b i l i t y  vs a given f i e l d  

conf igura t ion) ,  r o t a t i o n  of t h e  h n  etc. 

p e r t i e s  of some of t h e s e  c h a r a c t e r i s t i c s  must vary wlth t h e  s o l a r  cvc le  

phase. Thus f o r  example, t h e  genera l  charac te r  of t h e  l a t i t u d e  d i s t r i -  

b u t i o n  of t h e  d i r e c t i o n  and i n t e n s i t y  of mapnetic f i e l d s  etc. ,  must vary. 

Therefore ,  one may expect t h a t  t h e s e  c y c l i c a l  ~ - 7 r i a t i o m o f  Sun's  macro- 

s cop ic  c h v - a c t e r i s t i c s  must indeed dotermine t h e  va r i a t ions  of t h e  gene- 

r a l  form of t h e  corona with t h e  cvc le  phase. It must b e  added t h a t  i n  t h e  

On t h e  o t h e r  hand, t h e  pro- 
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years  of s o l a r  a c t i v i t y  maximum r a d i a l  s t r u c t u r e s  above t h e  nuTerous 

a c t i v e  r ep ions  m a y  p l a y  an  important p a r t  i n  t h e  b r iph tness  i n c r e a s e  

of coronals  nea r - sous to r i a l  b e l t  (see p a r t  4 of t h i s  paper) .  

To concluce t h e  piven quest ion,  t h e  fo l lowing  must be  noted. 

Ce r t a in  au thors  cons ider  t h a t  t h e  c v c l i c a l  evolu t ion  of coronal  f o r m  

i s  d e t e r l i n e d  by t h e  c v c l i c a l  course  of t h e  l a t i t u d e  d i s t r i b u t i o n  of 

prominences. However, t h i s  i s  not  so. Ve have shown above, t h a t  i n  t h e  

i n t e r r e l a t i o n s h i p  between proy'inences and t h e  corona, t h e  l a t t e r  i s  t h e  

pr imary element, thouFh Prominences may t o o  s e r v e  as a c e r t a i n  ind ica -  

t o r  of t h e  presence above them of  r a d i a l  s t r u c t u r e s .  

3. I n  t h e  p re sen t  s e c t i o n  w e  s h a l l  e s p e c i e l l y  d i scuss  c e r t a i n  

c h a r a c t e r i s t i c s  of P - r q p .  The cons idera t ions  based w o n  t h e  presence 

of a r a t h e r  c l e a r  l i n k  between t h e  ffquiescentf '  f i l amen t s  and P-rays 

l e a d  t o  t h e  conclusion t h a t  P - raw have a t  l e a s t  i n  t h e i r  lowpr p a r t ,  

a l e a f - l i k e  shape andhaccompany t h e  f i l a m e n b t h e y  e n m l f  along all_ t h e i r  

l enp th .  However, a coronal  P-ray cannot b e  a three-dimensional copy 

of a f i lament ,  a.; t h i s  has been corsidered i n  [63.  I n  r e a l i t y ,  a ouies-  

c e n t  prominence, s i t u a t e d  a t  t h e  base of t h e  P-rav, i 5  chs rac t e r i zed  b.7 

a r e l a t i v e l y  s r  all height ,  no t  excpedinp 100,000-120,000 km. A t  t h e  

same time, t h e  excep t iona l ly  extended P-rays have i n  t h e i r  u m e r  p a r t s  

a n  e n t i r e l y  d i f f e r e n t  s t r u c t u r e .  I n  p s r t i c u l a r ,  t h e r e  i s  every foundat ion  

t o  cons ider  t h a t  t h e  narrowing of a P-ray a t  a g r e a t  d i s t a n c e  from t h e  

photosphere t a k e s  p l a c e  i n  a l l  d i r e c t i o n s  perpendicular  t o  t h e  rav 's  axis. 

Til Y 
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It i s  very we l l  known indeed, t h a t  K o s t  of t h e  s u f f i c i e n t l y  long  f i -  

laments a r e  o r i e n t e d  nea r ly  p a r a l l e l  t o  t h e  equator.  However, a f a i r -  

177 l a r g e  number of them ( i n  t h e  abso lu te  sense) a r e  o r i en ted  a t  a 

g r e a t  angle  t o  t h e  eauator ,  sometimes up t o  90' ( see  f o r  example FiF. 

3 and 4 of r e f e r e n c e  173) .  Rut i f  then t h e  P-ray had a l e a f - l i k e  shape 

along t h e  whole of i t s  a x i s ,  with a "width" of t h e  l e a f  equal t h a t  of 

f i l amen t  l e n p t h  (cf is ider ing t h e  "widthff a long  a d i r e c t i o n  pa ra l l  e l  t o  

t h e  f i l a m e n t ) ,  we should have observed n u i t e  o f t e n  broad "shovel-l ikefI 

rays even a t  g r e a t  d i s t a n c e s  from t h e  Sun ( i n  e c l i p s e  photograahs).  

I n  r e a l i t y  t h i s  i s  not  so. A s  a ru l e ,  P-rays have a shape of long  

f l s t i c k s "  ( s e e  f o r  example Fip.  1 i n  r e fe rence  [ B ] ) .  I n  o t h e r  words, 

it must be considered t h a t  a l l  t h e  endings of P-rays have a t  p e a t  d i s -  

t ances  from t h e  Sun an apnroximatelv c y l i n d r i c a l  shape, wh i l e  judping 

from e c l i p s e  photogTraphs, t h e  l tdiametertl  of each such cy l inde r  i s  of 

t h e  o rde r  of 100,000- 200,000 km. Let u s  note,  t h a t  t h e  h e r e  examined 

extended " c y l i n d r i c a l f f  endings of P-rays c o n s t i t u t e  t h e  normal s t r u c -  

t u r e  of every P-ray. Even i n  such a " c l a s s i c a l "  corona of t h e  minimum 

epoch as t h a t  of t h e  s o l a r  e c l i p s e  of June 30, 1954, t h e s e  endings 

were c l e a r l y  ou t l ined  ( s e e  ref .  c 9 ] ) .  

L e t  us d i scuss  s t i l l  c e r t a i n  o t h e r  p r o p e r t i e s  of t h e  lower 

p a r t s  of  P-rays, i. e. t fhelmetsl l .  It i s  w e l l  known t h a t  c l e a r  s n o t s  a r e  

observed on t h e  nepa t ive  i n  t h e  

somehcw sup'pesting "swept cutf1 spaces.  This f a c t ,  j u s t  as t h e  prpsence 

of t h e  i n d i c a t e d  arc systems i t s e l f ,  has  been i n t e r p r e t e d  by a 

a rc  system above t h e  prominence, 



'12. 

s e r i e s  of au tho r s  as a r e s u l t  of proninence's "explosion" ( s e e  r e i .  El], 

pp.178-179). However, a l l  t h i s  i s  inco r rec t .  A s  was e a r l i e r  DoiRted out,  

( s e c t i o n  I), qu iescen t  prominences ( i n  a very r e l a t i v e  sen-e)  appear as 

a r e s u l t  of coronal  gases '  condensation, and no t  as a r e s u l t  of e m l o s i -  

ve e j e c t i o n  of chroxospheric gases. The appearance of "swept outf1 spaces 

i s  p r e c i s e l y  t h e  consequence of such condensation ( s e e  [2] p.245). A t  t h e  

same t ime gas v e l o c i t i e s  i n  au ie scen t  prominences a r e  e i t h e r  absent  o r  d i -  

r e c t e d  downward ( see  f o r  example t h e  d e s c r i p t i o n  of type-ANd-prominences 

i n  r e f .  [lo])*. The f a c t  i t s e l f  of cqronal  gases '  condensation i n  t h e  

prominences, and t h e  ensuing r e s t  of t he  condensed gases  o r  t h e i r  down- 

ward flow, a t t e s t  t o  t h e  f a c t  t h a t  t h e  no tab le  sys temat ic  outflows of coro- 

n a l  gases  i n  t h e  helmet are  of very l i t t l e  p robab i l i t y .  Such flows would 

incieed con+T,adict t h e  very same ( r e l a t i v e l y  slow) process  of corona con- 

densa t ion .  ?u t  natur2.ll;y, a t  t h e  same time some motions t a k e  p l a c e  i n  t h e  

ray, s i n c e  t h e  ray i t s e l f  has a s o l a r  o r i g i n .  Apaarently, such motions 

t a k e  p l a c e  mainly a t  t h e  very o u t s e t ,  a t  t ime of P-ray appearance. L a t e r  

t h e s e  f lows  a t t enua te ,  and as a r e s u l t ,  f avorab le  condi t ions  appear f o r  

t h e  condensa t ion  processes  of coronal  pases and prominences. 

L e t  u s  examine now a very iKportant  ques t ion-  t h e  f u l l  ex ten t  of 

P-rays a long  t h  \ir axis. There a r e  a ,meatnunber of arpuments i n  f avor  of 

t h e  f a c t  t h a t ,  i n  s p i t e  of t h e  g r e a t  ex ten t  of P-rays, t hey  do not  s t r e t c h  

t o  d i s t a n c e s  conparable wi th  t h e  d i s t a n c e  Earth-Sun, b u t  even i f  tkev  do 

so,  it i s  i n  a very at,tenuated form. It i s  most l i k e l y  t h a t  t h e i r  t o t a l  

e x t e n t  a long t h e  axis does not  exceed 30RO- S O R  Thus, acc r r? ing  t o  [ 9 ]  
- '' The s?me f a c t  ims k indly  confirmed t o  me i:~ t h e  n r i v a t e  l e t t e r  by 
L r .  27nn of 'kcranento  Peak Observatory, Cal i f . ,  and  alrr-ady based uDon 
s i r ~ i f i c a i t l y  more c o m l e t e  obFerl-ation materi.71. 



t h e  extended e q u a t o r i a l  p a r t s  of t h e  corona of t h e  30 June 1954 e c l i p s e  

were composed of s e v e r a l  P-rays. A t  t h e  same time t h e  a u a n t i t a t i v e  ana- 

l y s i s  of t h a t  ec l ipse ,  observedfrom a g rea t  he igh t  has  shown 11 , t h a t  

t h e  e l e c t r o n  d e n s i t y  grad ien t ,  a l s o  i n  t h e  e q u a t o r i a l  repion,  showed a 

jump i n  t h e  r ep ion  R % 30R count ing from t h e  Sun ( see  Fip.  7 of [ll] ). 

It i s  h i p h l y  probable  t k a t  this jump corremonded p r e c i s e l y  t o  t h e  ends 

of P-rays. Any o ther  p o s s i b l e  explanat ions of t h a t  f a c t  a r e  a u i t e  

bablp.  I n  f a c t ,  t h e  l a t e s t  i n v e s t i g a t i o n s  0 2 1  C131, [14] have shown 

t h a t  e l e c t r o n  d e n s i t i e s  of t h e  i n t e r p l a n e t a r y  medium a r e  s i g n i f i c a n t l y  

lower a t  g r e a t e r  d i s t ances  form t h e  Sun than  e a r l i e r  assumed. Therefore,  

it i s  almost obvious t h a t  t h e  jump i n  t h e  e l e c t r o n  d e n s i t y  g rad ien t  cor- 

responded t o  t h e  t r a n s i t i o n  from t h e  corona i t s e l f  t o  d u s t  p a r t i c l e s  

r e s p o n s i b l e  f o r  t h e  zod iaca l  l i g h t  phenomenon. 

impro- 

I n  connect ion with t h e  f u r t h e r  arguments i n  repard  t o  t h e  above- 

i n d i c a t e d  genera l  a s s e r t i o n  it i s  necessary t o  make t h e  fo l lowing  

remarks: On t h e  b a s i s  of a s e r i e s  of f a c t s ,  one may est i rxate  t h a t  a t  

siff i c i e n t l y  g r e a t  d i s t a n c e s  from t h e  Sun, comparable wi th  t h e  d i s t a n c e  

Sun-Earth, t h e  d e n s i t y  of gases  i n  coronal  r ays  (provided t h e y  r e a l l y  

s t r e t c h  t o  t h e  t e r r e s t r i a l  o r b i t )  must b e  q u i t e  low, r e l a t i v e l y  speaking. 

That i s  why, u s ing  t h e  s tandard  radioastronomical  and o p t i c a l  methods, 

and making observa t ions  from t h e  ground, t h e  d e t e c t i o n  near  i t  of t h e  

coronal  ray c o n s t i t u t e s  a very d i f f i c u l t  problem indeed. That i s  why a l s o  

d a t a  on t h e  E a r t h ' s  mapnetic f i e l d  a r e  gene ra l ly  u t i l i z e d  as a n  i n d i c a t o r  

t h a t  must p o i n t  t o  t h e  pr-isence ( o r  absence) near  t h e  Earth of a coronal  



ray i d e n t i f i a b l e  wi th  t h e  corpuscular  stream. I n  p a r t i c u l a r ,  and contra-  

ry  t o  t h e  d a t a  on p o l a r  au ro rae  and ionosphere, geoniapnetic d i s turban-  

ces appear  t o  be t h e  most d i r e c t  i n d i c a t o r  of t h e  in f low of corpuscules  

nea r  t h e  Earth.  Resides,  t h i s  i n d i c a t o r  i s  t h e  most s e n s i t i v e .  That i s  

why we s h a l l  r e f e r  i n  t h e  subsequent argumentation t o  t h e  r e s u l t s  of 

comparison of s o l a r  and geomapnetic data.  

Ce r t a in  authors ,  ( s ee  f o r  example [ln, [la), t r v i n p  t o  prove 

t h a t  M-disturbances a r e  inauced by P-rays, and t h a t  consequent ly  P-rays 

reach  t h e  t e r r e s t r i a l  o r b i t ,  make use  of d a t a  on quiescent  prominences 

o r  f i l a , i i en ts .  It i s  however ques t ionable  t h a t  s u c h  a method can supply 

any t a n p i b l e  r e s u l t s .  I n  r e a l i t v ,  it i s  wel l  known t h a t  M-disturbances 

a r e  cha rac t e r i zed  by a g r e a t  s t a b i l i t y .  A t  t h e  same time it i s  cont rad ic-  

t i o n  wi th  t h e  cha rac t e r  of f i l ament  behavior.  (The l a t t e r  a r e  observed 

on t h e  d i s k  of t h e  Sun, ana t h a t  i s  why it i s  much e a s i e r  t o  t r a c k  t h e i r  

behavior  t han  t h a t  of prominences a t  t h e  d i s k ’ s  lircb). Although every 

f i l amen t  i s  usua l ly  observed i n  t h e  course of s e v e r a l  s o l a r  convolut ions 

( t h r e e  as a n  averape) ,  t h e  gene ra l  f o r m  of t h e  f i l amen t  and p a r t i c u l a r l y  

t h e  p o s i t i o n  of i t s  endings a r e  never the less  q u i t e  o f t e n  s u b j e c t  t o  

q u i t e  s t r o n g  va r i a t ions .  A t  t imes the  f i l amen t  may even temporar i ly  

d isappear ,  it may break i n  p a r t s ,  merge with o the r  f i l amen t s  e tc .  

Those f i l a m e n t s  which appear and e x i s t  w i th in  t h e  most a c t i v e  r ep ion  

show a p a r t i c u l a r  i n s t a b i l i t y .  I n  connection with t h e  above-said, a l l  t h e s e  

man i fe s t a t ions  of i n s t a b i l i t y  02’ f i laments  a r e  t o  a s i p n i f i c a n t  ex ten t  

Ckze r e s u l  t of t ime-var iab le  condi t ions of coronal  gas condensation and 

of f i l a m e n t  d i s i n t e p r n t i o n .  Therefore, t h e r e  i s  no sense  t o  have t h e  



r ecour se  t o  prominces and f i l amen t s  i n  t h e  attempt t o  i n t e r p r e t  t h e  

problems s e t  up i n  t h e  p re sen t  paper.  It i s  t h u s  not s u r p r i s i n g  t h a t  

a l l  t h e  comparisons of f i l amen t s  wi th  E-disturbances c a r r i e d  ou t  f a i l e d  

t o  c o n t r i b u t e  an;y s p e c i f i c  r e s u l t s .  Such i n c i d e n t l y  w a s  t h e  conclusion 

reached by Hansen l i 7 ]  , having s tudied  n ine  of t h e  most s t e a d y  geomapne- 

t i c  sequences from 1918 theough 19u. (The d i r e c t  coiiiparisons of f i l amen t s  

and b d i s t u r b a n c e s ,  c a r r i e d  ou t  by t h e  p re sen t  au thor  f o r  t heses  9 sequen- 

ces,  f u l l y  corroborated Hansen's conclusions) .  The same fo l lows  from a 

c a r e f u l  examination of t h e  graphs by Bednarova 1 8  19 , al thouph t h e  

au thor  himself hol-ds t o  t h e  o m o s i t e  opinion. A s  t o  t h e  conclusions of 

works C151 and C161 , t h e y  a r e  based upon a t o o  l i m i t e d  ma te r i a l .  

''e may s t i l l  add t o  t h e  above-said, t h a t  f i l amen t s  d o  no t  play 

any p a r t  i n  t h e  g e o a c t i v i t y  conditioned by t h e  a c t i v e  r e p i o w  of t h e  Sun. 

( s e e  FiP.b i r  r e f e r e n c e  20 ). 

Unfortunately,  u n i l a t e r a l  conjparisons of PI-diqturbances with t h e  

r e s u l t s  of d i r e c t  e c l i p s e  observat ions a r e  impossLble. I n  f ? c t ,  t h e  

exa 1,ination of t h e  heudon 27-day maps of s o l a r  chromomheric a c t i v i t y  

shows, t h a t  t h e  gene ra l  ex ten t  of f i l aments  i n  t h e  zones of cu iescent  

prominences sometime reaches  t o  200-300°. 

we may p o i n t  t o  per iods  included between t h e  r evo lu t ions  1211-1329, 

125'5-1265, 

we l l  r e m e s e n t e d  i n  t h e  corresnonding "composite" maps of re fe .ence  7 . 
I n  t h e  presence of t h e  a l r eady  discussed connect ion between P-rays and 

f i l amen t s ,  a l l  t h i s  means t h a t  P-rays, and i n  any case t h e i r  lower p a r t s -  

he lmets -  must a l s o  fv l low t h e  j u s t  d i scussed  r u l e s .  I n  o t h e r  words, 

A s  t h e  most s t r i k i n g  examples 

arid t o  a number OP other  cases .  This genera l  tendency i s  
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i n  s t e a d y  l a t i t u d e  zones of f i l aments  helmets must q u i t e  o f t e n  fo l low 

one another  around t h e  Sun (a lonp  a p a r a l l e l ) ,  and n e a r l y  cont inuously.  

S i r L l a r l y ,  we must observe i n  a n  efrrous number of cases  a 

nu tua l  super impor i t ion  ( p r o j e c t i o n  on the  c e l e s t i a l  sphere)  of s e v e r a l  

ana a t  t imes nurnerous helmets and rays. There i s  no p o s s i b i l i t y  of 

ou t l in i fw separqte helmets on ly  on t h e  bas i s  of u s u a l  e c l i p s e  observa- 

t i o n s ,  f o r  dur ing  ec l ip ses  w e  only r e g i s t e r  a t o t a l  number of f r e e  e lec-  

t r o n s  a long  t h e  v i s u a l  ray. This conclusion a l s o  fo l lows  from e c l i p s e  

photopraphs (and drawings made a f t e r  photomaphs) . This  Dhotographs 

show indeed t h a t  q u i t e  of ten ,  and p a r t i c u l a r l y  i n  t h e  zone of maximum 

P-ray encounter, t h e r e  t a k e s  p l a c e  a mutual superimnosi t ion a long  t h e  

v i s u a l  ray of s e v e r a l  P-rays. Thus, f o r  examde, a Dhotometric c ros s -  

s e c t i o n  of such a "coniposite" P-ray a c r o s s  i t s  axis p o i n t s  t o  t h e  presen- 

ce  of s epa ra t e ,  s u f f i c i e n t l y  sharp fljumpslf i n  br iphtness ,  a t t e F t i n g  t o  

t h e  f a c t  t h a t  we recTister n o t  one, bu t  s e v e r a l  rays, wi th  axes making 

var ious anples  r e l a t i v e  t o  t h e  p i c t o r i a l  plane.  To t h i s  we s t i l l  must 

add t h a t  g e n a - a l l y  i n  t h e  main zones of  qu ie scen t  f i l ament  d i s p c s i t i o n  

we n e a r l y  always s e e  t h e  P-rays i n  t h e  e c l i p s e  photoeraphs. 1 

It follows from t h e  above-said, t h a t  no mat te r  what supe rpos i t i on  

of coronal  r ays  wi th  geomagnetic d i s turbances ,  i t s  a p c l i c a t i o n  on photo- 

graphs makes no sense  a t  a l l .  A s  t o  t h e  establ ishment  on t h e t  b a s i s  of 

co rpuscu le s '  t ime l a g ,  it i s  s t i l l  more s ense l e s s .  To i l l 7 3 s t r a t e  t h i s  

w e  maTJ f o r  example i n d i c a t e  t h a t  c e r t a i n  au thors  estimated t h e  presence 

of a l i n k  between t h e  l a r g e  e a s t e r n  ray of t h e  25 Feb.1952 e c l i m e  amd 

t h e  cor res ronding  geoniapnetic d i s turbances  as w e l l  e s t ab l i shed .  However, 



t h e r e  a re  s e r i o u s  ob jec t ion  t o  such a conclusion ( s e e  L 2 2 1  , p. 78 and 

a l s o  21 p.79 1. 

Taking t h e  above cons idera t ions  i n t o  account, we s h a l l  extend 

our argumentation by l i n k i n g  it with the  d a t a  r e s u l t i n g  from t h e  a n a l y s i s  

of geomagnetic d i s turbances .  (Only t h e  f i f t h  a r p m e n t  e )  has a cha rac t e r  

ir.dene,Gent from t h e  Eeomapnetism). This has a l r e a d y  been made t o  a s i g n i -  

f i c a n t  e x t e n t  i n  previous works by t h e  au tho r  and 1.231, and we s h a l l  

only r e r e a t  h e r e  t h e  b r i e f  b a s i c  content of t h e  r e s p e c t i v e  cons idera t ions .  

a )  The r e c u r r e n t  geomagnetic d i s t u r b m c e s  of t h e  M-type are  cha- 

r a c t e r i z e d  by a clear ly-expressed seasonal  p a t t e r n ,  with two e q u i n o c t i a l  

maxima. The most natural  explamation of  t h i s  i s  t h a t  corpuscular  s t reams 

from t h e  Sun, c r e a t i n g  M-disturbances, a r e  n e a r l y  r a d i a l .  Other explana- 

t i o n s  a r e  h e r e  h iph ly  iinprobable. Thus f o r  i n s t a n c e  t h e  seasona l  p a t t e r n  

of M-disturbances cannot be  t h e  r e s u l t  of t h e  ef t 'ect  of any s p e c i f i c a l l y  

geophysical  f a c t o r s ,  f o r  t h e  seasonal  course  r e v e a l s  no t  on lv  t h e  in t en -  

s i t y  b u t  a l s o  t h e  number of M-disturbances. Besides,  it must be  borne i n  

mind t h a t  14-disturances are r a t h e r  o f t e n  oh ;erved (because of s q a r a t e  

d i s r u p t i o n s  of s t reams 

(Bo s o o ) .  A t  t h e  -ame time, t h e  i n t e n s i t y  of such d i s t u r b a w e s  i s  some- 

t i . , e s  q u i t e  h igh  (sb-e f o r  exanple t h e  c l a s s i c a l  c o n t i n u i t y  of d i s turban-  

ces  from June 1943 

r a d i a l i t y )  during summer and win te r  s o l s t i c e s  

t o  r,arch 19bh). The piven f a c t  p o i n t s  d i r e c t l y  t o  t h e  

f a c t  t h a t  s t r i c t l y  geophysical condi t ions do not. p l a y  any p a r t  i n  t h e  sea- 

s o n a l  course  of I"l-disturbances, and t h a t  t h e  exarrined seasonal  v a r i a t i o n s  

a r e  e n t i r e l y  d e t e r  i nea  by corpuscular  streanis geometry. 
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The ieidicated r a d i a l i t y  of corpuscular  s t r e e m  c r e a t i n p  t h e  

M-disturbances must have a n  e n t i r e l y  s p e c i f i c  cha rac t e r  : 

must eg res s  from regions  s i t u a t e d  i n  any c a s e  near  t h e  equator ,  and yet 

they  have t o  avoid t h e  e a u a t o r i a l  zone i tself .  (These reauirements  a r e  

s a t i s f i e d  bv thP a c t  ve r eg ions  for t h e  phase of s o l a r  act ivi ty ,  when 

t h e  seasonal  c h a r a c t e r  of N-disturbances i s  most c l e a r l y  r evea led ) .  

iIoxever, P-rays do no t  s a t i s fy  theso  requirements ( see  PD. 19 and 29 of 

r e f .  c221 ). I n  p a r t i c u l a r ,  t h e  p a r t  of K-disturbances i n c r w s e s  from 

t h e  maximum t o  t h e  minimum of s o l a r  activity,  whi le  a t  t h e  same t ime t h e  

P-rays 

t o  t h e  drawing 82 of c11). Besides,  P-rays u s u a l l y  have i n c l i n a t i o n s  

(towzrd t h e  r a d i a l  d i r e c t i o n )  q u i t e  d i f f e r e n t  from one another  for a n  

i d e n t i c a l  moment of time, i. e. 

( s e e  pp. 29-30 of r e f .  [ 2 3  , and a l s o  Table  26 of r e f .  h l ) ,  

t h e r e  can  be no ques t ion  of r a d i a l i t y .  It i s  q u i t e  t r u e  though, t h a t  a t  

g r e a t  d i s t a n c e s  from t h e  Sun t h e  f t cy l ind r i ca l ' t  endings of P-rays may be 

viewed wi th  a known approximation as r a d i a l .  However, t h i s  i s i n  no way 

r e l a t e d  t o  t h e  explanat ion of t h e  seasonal  p a t t e r n  of ILdis turbances .  

F i n a l l y ,  even t h e  f i r s t  of t h e  if idicated requirements i s  not  s a t i s f i e d  

f o r  P-rays, say t h e  mid- la t i tude  of au iescent  f i l rn i en t s  l i nked  wi th  t h e  

a c t i v e  rep ions ,  i s  by about 10' prea te r  t h a n  t h e  mi jd la  h t i t u d e  of t h e  

a c t i v e  rep;ions themselves. I n  o the r  words,  t h e  bases  of P-rays (helmets)  

a r e  d isposed  s u f f i c i e n t l y  f a r  from t h e  equator  i n  an overwhelming number 

of cases .  

r a d i a l  s t reams 

d e f l e c t i o n s  from r a d i a l i t y  a l s o  i n c r e a s e  i n  t h a t  d i r e c t i o n  ( r e f e r  

i n  t h e  corona of t h e  same e c l i p s e  

s o  t h a t  
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b) The r ecu r rence  o f  G d i s t u r b a n c e s  ana t h e i r  s t a b i l i t y  i n  

gene ra l  underpo a s k r p  v a r i a t i o n  ( a t t a m a t i o n )  immedigtely a f t e r  

t h e  s o l a r  a c t i x i t v  minimum. T h i s  even has a cha rac t e r  of a jurr.p ( see  

pp. 20 Tip.12 and p.24 FiF.16 of c 2 2 1  ). I n  o t h e r  words, sha rp  

v n r i a t i o n s  t a k e  p l a c e  i n  t h e  ci'ometry of t h e  t y p e  PI-corpuscular streams 

i n  a very b r i e f  t ime per iod.  A t  t h e  same time, nothing of t h a t  sort i s  

observed r e l a t i v e  t o  P-rays. The va r i a t ions  i n  t h e  shape of t h e  corona 

dur ing  t h e  considered t ime per iod  usua l ly  t a k e  p l a c e  smoothly, as shown 

for example by  e c l i p s e s  of 2 1  Aupust 1914, 2h January 1925 and 9 J u l y  

19bs. A l l  t h e s e  e c l i s p e s  were observed a f t e r  s o l a r  a c t i v i t y  minima, 

when t h e  r ecu r rence  o f  d i s turbances  was a l r c a d y  absent ,  b u t  t h e  form 

of  t h e  corona ( cha rac t e r i zed  t o  a g r e a t e r  depree by ?-ray geometry) 

p r a c t i c a l l y  corresponded t o  t h e  corona minimum. For  a more d e t a i l e d  

d i s c u s s i o n  of t h i s  quest ion,  p l e a s e  r e f e r  t o  pp. 30-31 of c221 ) .  

c )  The mean dura t ion  of a s i n p l e  PI-disturbance i s  of 4-5 days 

and it even reaches  10 t o  1 2  days i n  a s e r i e s  of cases ,  while  during 

a l l  t h i s  per iod  t h e  Earth i s  indeed i n  t h e  midst of t h e  corpuscular  

s t ream [24] . Thereby, t h e  "inr1::th" of a n  averape corpuscular  beam a t  

Ciistqnce 01' thp Ear th  men . w e d  alonp the l a t t e r  Is o r b i t ,  c o n s t i t u t e s  

near.1$,000,000 km. I t  t h e  sace  t i n e  t h e  diameter  of t h e  " c y l i q d r i c a l "  

endinps of P-rays c o n s t i t u t e s  n e i r  100000 - 200000 kr;: ( s e e  above). 

A l l  t h i s  means t h a t  we have he re  a divergence of at l e a s t  t h r e e  orders .  



d )  A s  was a l r eady  pointed o u t  e a r l i e r ,  i n  t h e  photopranhs of 

t h e  e c l i p s e  of 30 June 1954 P-rays revea led  a q u i t e  s t r o n g  concentra- 

t i o n  i n  t h e  e q u a t o r i a l  plane.  A t  t h e  same t ime and i n s p i t e  of p e a t  

b r iph tness  of t h e  corona a t  t a a t  t i n e ,  t h e  geomapnetic a c t i v i t y  d i d  

no t  i n d i c a t e  any maximum correspondipy to t h e  moment idhen t h e  x a r t h  

w a s  i n  t h e  s o l a r  e q u a t o r i a l  plane (begi-ninp of June, Bo = 0'). On t h e  

cont ra ry ,  t h e  georna-netic a c t i v i t y  re.ccaled two usua l  equ inoc t i a l  maxima 

t h a t  corresponded t o  t h e  "remains" of e a r l i e r - e x i s t i n g  s 'urces  of Pi-dis- 

turbances on t h e  Sun ( see  t h i s  a t  f u r t h e r  l enp th  i n  re f .  c231). It i s  

qui te  obvious t h a t  t h i s  i s  a genera l  case, a p n l i c a b l e  t o  a l l  o t h e r  

minima of' s o l a r  a c t i v i t y .  

e )  The l a s t  radioastronomical  o b s w w t i o n s  completed by S1ee C26Y 

show d i r e c t l y ,  t h a t  s u f f i c i r n t l y  s t r e t ched  coronal  formations (e+ a L , r w ~ e r s '  

a r e  ohserved 0 4 y  above t h e  eouator i?1  rep ionc  of t l?e  h n .  T h v  a r e  not  

observed i n  t h e  h igh - l a t i t ude  r e - ions  where t h e  main p a r t  must be  played 

by P-mys. Furthermore, t h e s e  i n y e s t i e a t i o n s  show t h a t  t,he ind ica t ed  

formations a r e  c l o s e l y  l i nked  with the  a c t i v e  rey ions ,  as t h i s  i s  i n  

complete agreement with t h e  r e s u l t s  obtqined by t h e  p re sen t  au thor  c203. 

Therefore,  a l l  t b e  cnnsiderpd arprimts do indeed speak of t h e  

f a c t  t h a t  P-ray endings do  no t  extend t o  t h e  t e r r e s t r i a l  o r b i t ,  and i f  

t hey  do so, it i s  i n  a very a t tenuated  form. 

I n  conclusion or t h i s  s e c t i o n  we s h a l l  make some comments i n  

r epa rd  t o  Waldemeier work C263 i n  which t h e  au thor  comes t o  t h e  conclu- 

s i o n  on t h e  b a s i s  of t h e  s tudy  he mqde of an  e rup t ive  pror,inence, 
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t h a t  t h e  l a t t e r ' s  motion took p l a c e  along t h e  P-ray, and w a s  de t e r -  

mined by t h e  " s o l a r  wind", and t h a t  t h i s  de f ines  t h e  P-rays as i n t e n -  

s e  s t a t i o n a r y  gas flows. However, i t  i s  impossible  t o  r a l l y  t o  t h e  

Waldemeier conclusion. It i s  indeed wel l  known t h a t  e rupt ive  pro rinencfc: 

a r e  q u i t e  r a r e  and random phenomena, and i t  i s  c l e a r  t h a t  a s  such t h e y  

have no r e l t i o n s h i ?  wi th  suah exc lus ive ly  s t eady  and f r equen t  s q u e n c e s  

as t h e  M-disturbed are .  Nor had t h e  prominence e m l o s i o n  observed by 

Yaldemeier any connection wi th  t h e  " so la r  wind" 

t h e  s t reamers  above t h e  prorlinences. Had t h e s e  flows been somewhat 

s u t s t a n t i a l ,  one would have been l e d  t o  exTect, as a r u l e ,  ascending 

flows i n  quieFccrlt prominences. Eut we have seen  a t  t h e  same t ime t h a t  

t h e  opDosite i s  observed. It is  c l e a r  t h a t  t h e  f o r c e s  havinp e j e c t e d  

t h e  1?'aldemeier ' s  proGLnence were of e lectromapnet ic  o r i r i n ,  by which 

prominence motion i s  gene ra l ly  defined. In f avor  of t h i s  a s s e r t i o n  we 

have t h e  f a c t ,  t h a t  u s u a l l y  t h e  motions of s e p a r a t e  p a r t s  of a prominen- 

ce  dur ing  t h e  "explosion of i ts  erupt ive  form a r e  n o t  on117 dirPztPd 

upward b u t  a l s o  sideways. This  a l s o  con t r ad ic t s  t h e  p a t t e r n  of gas  

flow a long  t h e  upward-narrowing P-ray (!) .  I n  o the r  words, it muPt be 

consic'ered that  t h e  cGiincidcnce o r  ove r lmninp  of t h e  t r a j e c t o r y  of 

t h e  "Taldemeier Frominence with t h e  genera l  contour of t h ?  cor resn-qding  

coronal  s t reamer (P-ray) a long t h e  ax i s  was e n t i r e l y  f o r t u i t i o u s .  

F i n a l l y ,  one must bear  i n  mind t h a t  no a d d i t i o n a l  argumerlts on t h e  

CoriTuscular na tu re  of P-rays i s  included i n  T;'aIdeni?ierls work (except  

and t o  gas f low i n s i d e  

I--- - -- 

t h e  i n t r o d u c t i o n  of t h e  "solar wind" hy -o thes i s ) .  Thus a l l  t h e  above ob- 

j e c t i c m  apply b it  a l so .  
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The second p a r t  of t h i s  work*) will d e a l  wi th  coronal  rays 

above t h e  a c t i v e  regions,  and i n  conclusion w e  s h a l l  d i scuss  t h e  ques- 

t i o n  of t h e  agreement of o p t i c a l  e c l i p s e  observa t ions  wi th  o t h e r  con- 

c lus ions  of coronal  observa t ions  . 
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